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(57) Abstract: The invention relates to a method for controHing refrigerating installations, the method comprising steps of selecting 
two or more compressors, at least two of which differ in output, connecting one or more of the selected compressors each to its 
own frequency converter, coupling the selected compressors in series so as to provide a refrigerating unit, controlling the frequency 
range of the compressors controlled by the frequency converters such that they provide continuous power control and controlling 
the obtained refrigerating unit to meet the required output need by starting and stopping the compressors and by controlling the 
frequency of the compressors connected to the frequency converters. 
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1 

Method for controlling refrigerating installation 



BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method for controlling refrigerating 
installations in accordance with the preamble of claim 1 , in which method two 
5 or more compressors are coupled in series and their output is controlled to 
meet the need in each particular case. 

[0002] It takes large and powerful refrigeration installations to refrig- 
erate large spaces. Currently, these spaces are refrigerated by units coupled in 
series, which usually comprise 3 to 6 compressors coupled in series from their 

10 cold side. Conventionally power control of these installations takes place inde- 
pendently of the control system as so-called on-off control of the compressors, 
whereby compressors are switched on or off one by one according to the re- 
quired output power. Consequently, the power control always takes place 
stepwise. For instance, when employing a unit with four compressors coupled 

15 in series, the power control steps are 0-25-50-75-100%, the smallest step be- 
ing 25%. This means that for achieving 26% output, the control system must 
start a second compressor, in addition to one compressor, and consequently 
the output produced with these two compressors is 50%. As a result of exces- 
sive output production, the control system stops the second compressor in a 

20 moment, and is compelled to restart it later on. Thus, in order to control the 
required output and maintain a desired temperature it is necessary to start and 
stop the compressors tens of times a day. 

[0003] The above-described arrangement has a drawback that each 
start-up stresses the compressor, which shortens the service life of the com- 

25 pressors and the electric devices. 

[0004] The invention thus relates to a method for controlling a re- 
frigerating unit, which method provides stepless power control and eliminates 
unnecessary starting and stopping of compressors. 

BRIEF DESCRIPTION OF THE INVENTION 

30 [0005] It is an object of the invention to provide a method by which 

the above problem can be solved. It is achieved with a method, which is char- 
acterized by what is disclosed in the characterizing part of claim 1 . The pre- 
ferred embodiments of the invention are disclosed in the dependent claims. 

[0006] The invention is based on adding to the control system of the 

35 unit at least one frequency converter, which Is able to operate in a predeter- 
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mined frequency range. The frequency converter ie connected to a speoifio 

compressor, or if there are several frequency converters, they are each con- 
nected to a separate compressor. In addition, the compressors are selected 
such that at least some of them differ from one another in size. In this manner 

5 it is possible to provide stepless power control and to avoid unnecessary start- 
ing operations of the compressors, whereby the power that the unit takes from 
the mains is always in relation to the power required for maintaining a desired 
temperature. To achieve the stepless power control the compressors em- 
ployed should be selected such that of the two or more selected compressors 

1 0 at least two differ in output. Thus, utilizing the frequency converter it is possible 
to achieve continuous power control that is stepless within each power range. 

[0007] An advantage with the method and system according to the 
invention is that unnecessary starting and stopping of the compressors can be 
avoided, which in turn increases the service life of the compressors and the 

1 5 electric devices. At the same time, energy consumption of the refrigerating unit 
is reduced, because at each loading level of the refrigerating installation the 
input power of the unit con-esponds to the power required for maintaining the 
desired temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0008] In the following the invention will be described in greater de- 

tail in connection with preferred embodiments, with reference to the attached 

drawings, in which 

Figure 1 is a schematic view of in-series coupling of a conventional 
refrigerating unit comprising three equal compressors, in which all compres- 
25 sors are controlled by on-off control; 

Figure 2 illustrates the relation of the refrigerating output/input of the 
refrigerating unit to the loading of the refrigerating installation; 

Figure 3 is a schematic view of in-series coupling of a conventional 
refrigerating unit comprising three equal compressors, in which one compres- 
30 sor is controlled by a frequency converter and two compressors by on-off con- 
trol; 

Figure 4 illustrates the relation of the refrigerating output/input of the 
refrigerating unit of Figure 3 to the loading of the refrigerating installation; 

Figure 5 is a schematic view of in-series coupling of a refrigerating 
35 unit comprising three equal compressors, in which two compressors with lower 



3 



output are controlled by a frequency converter and one compressor with higher 
output is controlled by on-off control; 

Figure 6 illustrates the relation of the refrigerating output/input of the 
refrigerating unit of Figure 5 to the loading of the refrigerating installation. 

5 DETAILED DESCRIPTION OF THE INVENTION 

[0009] In the following, control of a refrigerating unit is examined 
first by means of prior art and then the description proceeds to the solution of 
the present invention. 

[0010] Figure 1 shows in-series coupling of three identical compres- 

10 sors of type A, in which all the compressors are controlled by on-off control. 
The power control steps of the unit are thus 0 - 33.3 - 66,7 - 100% and con- 
sequently the lowest power step is 33.3%. In this solution, power control is only 
performed by starting and stopping the compressors in accordance with the 
output required at any particular time, which means that the power control is 

15 always performed stepwise. Figure 2 shows the relation of the input/output 
power of the unit of Figure 1 to the loading of the refrigerating installation. The 
solution corresponding to Figure 2 employs three identical standard semi- 
hermetic piston compressors, with product name Bitzer 4N-20.2Y, and the 
refrigerant is R-404A, suction gas temperature is +25 °C, liquid supercooling 0 

20 K and design conditions -10 ^^C vaporization temperature (usage for tempera- 
tures above zero) and +40 ""C liquefaction/condensation temperature. 

[0011] In the case of Figures 1 and 2, as the loading level is more 
than 0%, the first compressor starts up controlled by suction pres- 
sure/temperature, the refrigerating output being 31.95 kW. In practice, this 

25 means that the refrigerating output of the unit remains constant (31.95 kW) 
until the loading of the refrigerating installation rises to exceed 33.3%, whereby 
a second compressor starts up as the loading increases, and two compressors 
being in operation the refrigerating output of the unit is 63.9 kW. As the loading 
increases further to exceed 66.6% a third compressor starts, whereby the unit 

30 achieves its maximum refrigerating output 95.85 kW. It appears from Figure 2 
that the loading situation and refrigerating output of the unit do not correspond. 
This means that the refrigerating output of the unit does not adapt to the load- 
ing of the refrigerating installation at a particular time, and consequently, to 
maintain the desired temperature in the cooled compartment requires that the 

35 compressors be started and stopped on a continuous basis so as to adapt the 
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temperature of the cooled compartment to the loading of the refrigerating In- 
stallation. 

[0012] By increasing the number of compressors the control accu- 
racy of the unit of the above-described type improves, because the steps will 
5 be smaller and the number thereof will be higher. But, the price and space re- 
quirement of the installation increase in proportion. In addition, it is difficult to 
design the installations such that they meet the need accurately. 

[0013] In accordance with Figure 3, more modern and advanced 
applications employ three identical compressors coupled in series, one of 

10 which, the B-type compressor, is controlled by means of a frequency con- 
verter. Conventionally, the extended power frequency range of compressors of 
this type is 25 to 70 Hz, the power frequency of a standard A-type compressor 
with on-off control being constant 50 Hz. Figure 4 illustrates the relation of the 
refrigerating output/input of this application to the loading of the refrigerating 

15 installation. The solution corresponding to Figure 4 employs three identical 
standard semi-hermetic piston compressors with product name Bitzer 4N- 
20.2Y and the refrigerant is R-404A, suction gas temperature is +25 °C, liquid 
supercooling 0 K and design conditions being -10 °C vaporization temperature 
(usage for temperatures above zero) and +40 ""C liquefaction/condensation 

20 temperature. 

[0014] In these applications, as the loading increases to exceed 0%, 
a compressor controlled by a frequency converter starts at the minimum fre- 
quency 25.12 Hz controlled by suction pressure or temperature. The compres- 
sor controlled by the frequency converter operates at said minimum frequency 

25 up to the loading level of 17%. If the loading increases further, the frequency of 
the frequency-converter-controlled compressor increases as well up to 69.34 
Hz, whereby the loading of the refrigerating installation is about 43%. In this 
manner it is possible to achieve continuous power control within the loading 
range of about 17 to 43%. If the loading continues to grow to exceed 43%, the 

30 first compressor with on-off control starts at the standard frequency of 50 Hz 
and the frequency of the compressor controlled by the frequency converter 
decreases to 25.95 Hz. Within the loading range of about 43 to 51%, the re- 
frigerating output of the unit remains constant, and thus, the frequency of the 
compressor controlled by the frequency converter remains at 25.95 Hz. As the 

35 loading increases from 51% upwards, the frequency of the compressor con- 
trolled by the frequency converter increases in accordance with the loading to 



f 



5 

the value 68.51 Hz, whereby the loading of the refrigerating installation is 
about 76%, As the loading grows further to .exceed about 76%, the second 
compressor with on-off control also starts at the standard frequency 50 Hz and 
the frequency of the compressor controlled by the frequency converter de- 
5 creases to 25.54 Hz. All three compressors are then in use. Within the loading 
range of about 76 to 84% the refrigerating output of the unit remains constant 
and hence the frequency of the compressor controlled by the frequency con- 
verter also remains at 25.54 Hz. As the loading grows from 84% upwards, the 
frequency of the compressor controlled by the frequency converter also grows 
MO in accordance with the loading to the value of 70.17 Hz. the two compressors 
with on-off control operating at the frequency of 50 Hz. The maximum refriger- 
ating output of the unit is then achieved, which in this exemplary embodiment 
is 105.44 kW, which corresponds to about 110% loading of the refrigerating 
installation. 

15 [0015] It should be noted that in the application as described above, 

between the power ranges there are power control dead points, in which the 
control is not fully continuous. In these power ranges the compressors start 
and stop unnecessarily as described in the first example. In addition it should 
be noted that by using one compressor controlled by a frequency converter is 

20 possible to achieve an extended power control range, about 17 to 110%, which 
is considerably larger than the power control range of an application without a 
frequency converter. 

[0016] The previous examples describe prior art, but in the method 
according to the present invention the compressors to be used are selected in 

25 a novel manner and at the same time frequency converters are utilized such 
that dead points in the power control included in the previous example can be 
avoided and the control of the unit will be completely stepless. 

[0017] The present invention is characterized in that all of the com- 
pressors to be installed in the unit are not identical and that at least one of the 

30 compressors is controlled by means of a frequency converter. In addition, the 
compressors ere to be controlled such that they start in a given, predetermined 
order and that the frequency ranges of the compressors controlled by the fre- 
quency converter are sufficient to provide continuous power control. Hence, it 
should be taken into account that the compressors starting first, or first and 

35 second, in a loading situation, must always be the ones controlled by the fre- 
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quency converters, In order that powers at the lower end of loading eould be 

controlled steplessly. 

[0018] For instance, Jf we examine the above prior art unit compris- 
ing one compressor controlled by the frequency converter its power control 
5 could be rendered continuous by selecting two compressors with on-off control 
such that their output is lower. Thus, the dead points of Figure 4 would become 
nonexistent. For instance, when only a compressor controlled by a frequency 
converter is in use at the lower end of loading, its frequency rises to the maxi- 
mum as the loading increases. As the frequency is at the maximum, the output 

10 of the compressor is also at the maximum, and when the first compressor with 
on-off control is started and the frequency of the compressor controlled by the 
frequency converter decreases to the minimum, the unit achieves output which 
is roughly the same as the output achieved by the frequency converter alone at 
the maximum frequency. The procedure is the same for selecting a second 

15 compressor with on-off control. In this manner it is possible to provide continu- 
ous power control in the whole loading range. 

[0019] It should be noted that loading values which make one more 
compressor to start or stop, depending on changes in loading, can be modified 
by altering the power frequency range of the compressors controlled by the 

20 frequency converters. However, this has to be carried out such that the out- 
puts/performances of the compressors selected for use will be taken into ac- 
count, so that no dead points will occur in the power control. 

[0020] Figure 5 shows schematically three compressors coupled in 
series according to one embodiment of the present invention. The unit of the 

25 invention is characterized in that at least two compressors are selected, at 
least one of which is controlled by means of a frequency converter, and that 
the compressors differ in output. The invention is characterized in that it is also 
possible to select all the compressors to be different in output. By providing the 
unit with compressors of different sizes and by using them in the unit in the 

30 below-described manner in different power ranges it is possible to avoid the 
dead points in power control appearing in the prior art solution. 

[0021] The following will examine the embodiment set forth in Fig- 
ure 5 of the present invention, in this embodiment, three compressors are se- 
lected, two of which are of type C and one of type A. The C-type compressors 

35 have lower output that the A-type compressor, and in addition, the C-type 
compressors are controlled by frequency converters, whereas the A-type com- 



7 

pressor employs on-off control. In the example of Figure 6, the A-type com- 
pressor is a standard semi-hermetic piston compressor, with product name 
Bitzer 4N-20-2Y and the C-type compressors are similar but one size smaller 
with product name Bitzer 4P-15.2Y and they operate in the frequency range of 
5 25 to 70 Hz. The refrigerant used is R-404A, suction gas temperature is +25 
°C, liquid supercooling 0 K and design conditions -10 °C vaporization tem- 
perature (usage for temperatures above zero) . and +40 °C liquefac- 
tion/condensation temperatui'e. 

[0022] In the application of refrigerating installation according to 

10 Figures 5 and 6, as the loading level exceeds 0%, one of the compressors 
provided with a C-type frequency converter starts, controlled by suction pres- 
sure/temperature, at the minimum frequency, which in this exemplary embodi- 
ment is 25.85 Hz. The started compressor operates at the minimum frequency 
until the loading of the refrigerating installation rises to 15%, at which level 

15 there is load curve interface 1. As the loading of the refrigerating installation 
increases further to exceed 15%, the frequency of the operating compressor 
controlled by the frequency converter increases correspondingly to 49.19 Hz, 
the output of the compressor then corresponding to about 28% loading level, 
and at the same point a second interface 2 is reached. If the loading continues 

20 to grow to exceed 28%, also the other C-type compressor controlled by the 
frequency converter starts at the minimum frequency 25.12 Hz and the fre- 
quency of the operating compressor controlled by the frequency converter re- 
duces to 25.12 Hz. In that case, there are two C-type compressors controlled 
by the frequency converter in active use, and both of them operate at the fre- 

25 quency of 25.12 Hz. As the loading increases further, the frequency of the 
compressoi^ increases simultaneously or non-simultaneously, for instance, to 
the frequency of 55.11 Hz. Then is reached interface 3 of Figure 6, at which 
the loading of the refrigerating installation is about 62%. 

[0023] When the loading of the refrigerating installation exceeds 

30 62%, an A-type compressor with on-off control starts at the frequency of 50 Hz. 
At the same time, ttie operating frequency of the two C-type compressors con- 
trolled by the frequency converters reduces to 24.88 Hz. As the loading in- 
creases further, the frequency of the two C-type compressors controlled by the 
frequency converters rises to 49.82Hz, while^the A-type compressor operates 

35 at the standard frequency of 50Hz, wheret)y,are achieved interface 4 and the 
refrigerating output of about 86 kW,: which corresponds to 90% loading of the 
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refrigerating Installation. When the loading of the refrigerating installation ex- 
ceeds 90%, It is possible to raise the frequency of the C-type compressors 
controlled by the frequency converters to 69.80 Hz, whereby the refrigerating 
output corresponding to 107% loading is achieved. When the loading reduces, 
5 the system works steplessly in the corresponding manner in the inverse order. 

[0024] It appears from Figure 6 that this exemplary embodiment of 
the present invention provides an extended power control range, the minimum 
being 15% and the maximum 107%. As it Is also noted, the compressor selec- 
tion provides a situation, in which there are no dead points between the power 
10 ranges, but the power control Is completely continuous and follows closely 

each particular loading level. 

[0025] In the above-described example the frequency range of inter- 
face 1 is 25.85 Hz, whereby the loading/power control range of the refrigerat- 
ing installation is about 15%. By setting interface 1 as low as possible, it is 

1 5 possible to control the refrigerating output of the unit at low loading levels more 
accurately than before. However, in selecting the interface frequency ranges it 
should be taken into account, as is done in the previous example, that no dead 
points are allowed on the output/load curve, at which continuous power control 
would be impossible. In addition, crossings of any one interface or some inter- 

20 faces can be locked to a time span, suction pressure or temperature, in order 
to provide the installation with optimal operating area in temns of energy con- 
sumption. 

[0026] The invention can thus be applied to units of all types, in 
which a plurality of compressors are coupled in series. The invention is not 

25 restricted to a given number of compressors but it can be applied to units of all 
sizes, provided that the compressor sizes are carefully selected. In addition, 
the unit may comprise a -large number of compressors controlled by frequency 
converters. In the above-described prefened embodiments of tiie invention, 
the refrigerating installation is used for providing temperatures above zero, but 

30 the invention can just as well be used for providing temperatures below zero. 

[0027] It is apparent to the person skilled in the art that as technol- 
ogy advances the basic idea of the invention can be implemented in a variety 
of ways. Thus, the invention and the embodiments thereof are not restricted to 
the above-described examples but they may vary within the scope of the 

35 claims. 



■ 



CLAIMS 

1. A method for controlling refrigerating installations, charac- 
terized In that the method comprises the steps of 

selecting two or more compressors, at least two of which differ in 

5 output; 

connecting one or more of the selected compressors each to its own 
frequency converter; 

coupling all the selected compressors in series so as to form a re- 
frigerating unit; 

10 setting frequency ranges of the compressors controlled by the fre- 

quency converters to be sufficiently large so as to enable continuous power 
control; 

controlling the operation of the obtained refrigerating unit to meet 
the required output need by starting and stopping the compressors, at^least 
15 two of which differ in output, in a given predetermined order and by controllmg 
the frequency of the compressors connected to the frequency converters. 

2. A method as claimed in claim 1, characterized in that all 
the compressors are selected such that they differ in output. 

3. A method as claimed in claim 1 or 2, characterized in that 
20 a frequency converter is connected to all the compressors. 

4. A method as claimed in claims 1 to 3, characterized in 
that the compressor that starts first in a loading situation is controlled by 
means of a frequency converter. 

5. A method as claimed in claim 4, characterized in that two 
25 compressors are selected, at least one of which is controlled by means of a 

frequency converter and that the compressors are selected such that they dif- 
fer in output and the frequency range employed by the compressor controlled 
by the frequency converter is set sufficiently large so as to provide continuous 
power control of the refrigerating installation. 

30 6 A method as claimed in claim 4, characterized in that 

three compressors are selected, at least one of which is controlled by means 
of a frequency converter and that at least two compressors are selected such 
that they differ in output and the frequency range employed by the compressor 
. controlled by the frequency converter is set sufficiently large so as to provide 

35 continuous power control of the refrigerating installation. 
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7. A method as claimed In claim 4, characterized in tinat four 
compressors are selected, at least one of which is controlled by means of a 
frequency converter and that at least two compressors are selected such that 
they differ in output and the frequency range employed by the compressor con- 
5 trolled by the frequency converter is set sufficiently large so as to provide con- 
tinuous power control of the refrigerating installation. 
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